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(54) WAVEFORM SHAPING CIRCUIT AND DIGITAL SIGNAL ANALYZER 

(57)Abstract: 

PURPOSE: To apply stable waveform shaping to an inputted 
digital signal without being affected by its amplitude change 
or an offset. 

CONSTITUTION: An inputted digital signal is inputted to an 
intermediate voltage detection circuit 15 via a level shifter 
12. The intermediate voltage detection circuit 15 detects an 
intermediate voltage VO between a high level and a low level 
of the inputted digital signal and outputs the voltage to a 
subtracter 22 of a control circuit 21. The control circuit 21 
outputs a difference signal between the intermediate 
voltage VO and the reference voltage Vr to the level shifter 
1 2 via a low pass filter 25 to control the shift of the level 
shifter 12 in a direction that the intermediate voltage VO 
approaches the reference voltage Vr. The digital signal 
subjected to level shift by the level shifter 12 is inputted to 
a comparator 20 using the reference voltage Vr as a 
threshold voltage, in which the signal is subjected to 
waveform shaping. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A level shifter (12) which carries out variable control of the direct current offset 
voltage of an inputted digital signal, A comparator (20) which shapes in waveform and outputs a 

digital signal outputted from this level shifter as compared with predetermined reference voltage, 
An intermediate voltage detection means (15) to detect and output middle voltage of high-level 
voltage of a digital signal and low-level voltage which were outputted from said level shifter, A 
waveform shaping circuit provided with a control means (21) which outputs a control signal to 
which said direct current offset voltage is changed in response to middle voltage and said 
predetermined reference voltage which are outputted from this intermediate voltage detection 
means in order to make said middle voltage equal to said predetermined reference voltage to said 
level shifter. 

[Claim 2]A waveform shaping circuit given [ provided with holding mechanism (25) holding 
said control signal outputted from said control means, and the means for stopping (26) and (27) 
which stops an operation of said intermediate voltage detection means when said control signal is 
held by this holding mechanism ] in the 1st paragraph. 

[Claim 3]A level shifter (52) which carries out variable control of the direct current offset 

voltage of an inputted digital signal, A comparator (60) which shapes in waveform and outputs a 
digital signal outputted from this level shifter as compared with predetermined reference voltage. 
An intermediate voltage detector circuit (55) which detects and outputs middle voltage of high- 
level voltage of a digital signal and low-level voltage which were outputted from said level 
shifter. Middle voltage and said predetermined reference voltage which are outputted from this 
intermediate voltage detector circuit are received, The 1st control means (61) that outputs a 
control signal to which said direct current offset voltage is changed to said level shifter in order 
to make said middle voltage equal to said predetermined reference voltage, A variable delay 
device (71) which changes relatively a phase between an inputted clock signal and an output of 
said comparator, A discrimination circuit (72) which receives an output and said clock signal of 
said comparator into which a phase was relatively changed by this variable delay device, and 
judges numerals of an output signal of a standup of this clock signal, or said comparator at the 
time of falling. An error measuring instrument (75) which compares a decision signal from this 
discrimination circuit with a reference signal equivalent to said inputted digital signal, and 
outputs an error signal, A digital-signal-analysis device provided with the 2nd control means (80) 
that decreases said error signal which detects an almost middle delaying amount of a delaying 
amount from which an error signal becomes ******** with the maximum in response to an 
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output of this error measuring instrument, and sends out this middle delaying amount to said 
variable delay device, and said error measuring instrument outputs. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the digital-signal-analysis device which analyzes 
the waveform shaping circuit which shapes in waveform and outputs the digital signal inputted, 
and the digital signal inputted like a logic analyzer or an error measuring device synchronizing 
with a clock signal. 
[0002] 

[Description of the Prior Art] Generally, after shaping in waveform the digital signal inputted 
from the outside by the waveform shaping circuit which comprises a comparator, it comprises 
digital-signal-analysis devices mentioned above, such as a logic analyzer and an error measuring 
device, so that the binary judging may be performed. 

[0003 ]It is necessary to set it as the best operating point which corresponds to offset of the digital 
signal into which the operating point of a comparator is inputted, and is not influenced by a noise 
in this kind of waveform shaping circuit. In order to set up this operating point, either of the 
following three methods was carried out conventionally. 

[0004](1) The technique of setting the threshold level (reference voltage) to a comparator as an 

optimum state manually, while monitoring the output wave of a comparator. 

[0005](2) A technique make the digital signal inputted input into a comparator via a capacitor, 

and excluding the influence of offset. 

[0006](3) A technique which carries out manual variable by a level shifter beforehand supposing 
the direct-current average level of the digital signal inputted, and is inputted into a comparator. 
[0007]However, in (1) or (3) technique mentioned above, whenever operating point setting out 
by hand control is troublesome and the level of an input signal and offset change, the setting- 
operation must be performed. 

[0008]In the technique of (2) mentioned above, the threshold which the offset voltage of the 

digital signal inputted into a comparator according to the mark rate (ratio of the total number of 
bits to generate and the number of marks contained in it) of the digital signal inputted changed 
and fixed cannot perform positive waveform shaping. 

[0009]For this reason, the technique inputted into a comparator by making high-level voltage of 
the digital signal inputted and intermediate voltage of low-level voltage into a threshold is also 

considered. 

[0010]However, in the case of the comparator of the large comparison low speed of a common 
mode input range, this technique is effective, but. Like the comparator for shaping the signal of 
ultrahigh fi-equency (several gigahertz) in waveform, when a common mode input range is very 
narrow, the comparator itself is saturated by change of the offset voltage of an input signal, and 
there is a problem that normal waveform-shaping operation cannot be performed. 
[001 l]On the other hand, the binary judging of the digital signal which shaped in waveform is 
performed, and the digital-signal-analysis device which analyzes the digital data is constituted as 
shown in drawing 17 from the former. 

[0012]That is, waveform shaping of the data signal under test inputted into one input terminal 1 
is carried out by the comparator 3 which makes a threshold reference voltage Vr from the 
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reference voltage generator 2. Since this reference voltage Vr is beforehand set as the best value 
by either of the techniques mentioned above, the fluctuation ingredient of the amplitude direction 
of the data signal under test shown in (a) of drawing 18 , As shown in (b) of the figure, waveform 
shaping is carried out, and it is inputted into data input terminal D of the discrimination circuit 4 
which comprised a D type flip-flop. 

[0013]The clock signal inputted into the input terminal 5 of another side is inputted into clock 

terminal CP of the discrimination circuit 4 via the variable delay device 6. 

[0014]This variable delay device 6 is beforehand adjusted so that a clock signal may rise to the 

timing whose binary level of the data signal inputted into the discrimination circuit 4 is most 

stable. 

[0015]The output signal of the comparator 3 shown in (b) of drawing 1 8 as this adjustment, 
displaying the clock signal shown in (c) of the figure on a dual trace oscilloscope ~ the standup 
timing of a clock signal ~ the change state points I and II of a digital signal ~ so that it may be 
located mostly at the halfway point (point that the phase margin is the largest). The method of 
adjusting the delaying amount of the variable delay device 6 with hand control was taken 
conventionally. 

[0016]Thus, discemment of a binary is made to the standup timing of a clock signal of inputting 
the digital signal from the comparator 3 into the discrimination circuit 4, the decision output is 
inputted into the data analysis part 7 with a clock signal, and predetermined data analysis is 
conducted. 

[0017]However, in such a conventional digital-signal-analysis device of composition, in addition 
to the hand regulation of the waveform shaping circuit mentioned above, hand regulation of the 

delaying amount also had to be performed, it was easy to produce the difference of these preset 
values according to the operator's individual difference, and there was a problem that a 
difference will appear also in an analysis result. 

[00 18] When adjusting by carrying out waveform observation with an oscilloscope, connection 
between apparatus is not only complicated, but by connection of an oscilloscope, the waveform 
of a signal may be confused and it may cause malfunction. As especially mentioned above, in 
connecting the cable for waveform observation to the signal of ultrahigh frequency (several 
gigahertz), adjustment with it becomes difficult. [ this wave-like large disorder and ] [ exact ] 
[0019]For this reason, although the technique of providing the monitor terminal for waveform 
observation was also in the digital-signal-analysis device, there was no change in always having 
to prepare apparatus for waveform observation, such as an oscilloscope, and it was dramatically 
inconvenient. 

[0020] An object of this invention is to provide the waveform shaping circuit and digital-signal- 
analysis device which solved the problem mentioned above. 
[0021] 

[Means for Solving the Problem]In order to solve said SUBJECT, a waveform shaping circuit of 
this invention, A level shifter (12) which carries out variable control of the direct current offset 

voltage of an inputted digital signal, A comparator (20) which shapes in waveform and outputs a 
digital signal outputted from this level shifter as compared with predetermined reference voltage, 
An intermediate voltage detection means (15) to detect and output middle voltage of high-level 
voltage of a digital signal and low-level voltage which were outputted from said level shifter. In 
response to middle voltage and said predetermined reference voltage which are outputted from 
this intermediate voltage detection means, in order to make said middle voltage equal to said 
predetermined reference voltage, it has a control means (21) which outputs a control signal to 
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which said direct current offset voltage is changed to said level shifter. 

[0022]A level shifter (52) which carries out variable control of the direct current offset voltage of 
a digital signal into which a digital-signal-analysis device of this invention was inputted, A 
comparator (60) which shapes in waveform and outputs a digital signal outputted from this level 
shifter as compared with predetermined reference voltage. An intermediate voltage detector 
circuit (55) which detects and outputs middle voltage of high-level voltage of a digital signal and 
low-level voltage which were outputted from said level shifter, Middle voltage and said 
predetermined reference voltage which are outputted from this intermediate voltage detector 
circuit are received. The 1st control means (61) that outputs a control signal to which said direct 
current offset voltage is changed to said level shifter in order to make said middle voltage equal 
to said predetermined reference voltage, A variable delay device (71) which changes relatively a 
phase between an inputted clock signal and an output of said comparator, A discrimination 
circuit (72) which receives an output and said clock signal of said comparator into which a phase 
was relatively changed by this variable delay device, and judges numerals of an output signal of 
a standup of this clock signal, or said comparator at the time of falling. An error measuring 
instrument (75) which compares a decision signal from this discrimination circuit with a 
reference signal equivalent to said inputted digital signal, and outputs an error signal. It has the 
2nd control means (80) that decreases said error signal which detects an almost middle delaying 
amount of a delaying amount from which an error signal becomes ******** with the maximum 
in response to an output of this error measuring instrument, and sends out this middle delaying 
amount to said variable delay device, and said error measuring instrument outputs. 
[0023] 

[Function] Since it is constituted in this way, in the waveform shaping circuit of this invention, 
the digital signal inputted is inputted into a comparator via a level shifter, and waveform shaping 
is carried out by predetermined reference voltage. The high-level voltage of the digital signal 
outputted from a level shifter and the middle voltage of low-level voltage are detected by an 
intermediate voltage detection means, and are outputted to a control means with reference 
voltage. A control means outputs a control signal for middle voltage to become equal to 
reference voltage to a level shifter, and changes the direct current offset voltage of the digital 
signal inputted. 

[0024]In the digital-signal-analysis device of this invention, a phase in the meantime is changed 
by the variable delay device, and the clock signal inputted from the output signal and input 
terminal of the comparator by which waveform shaping was carried out in the waveform shaping 
circuit of the above-mentioned invention and the waveform shaping circuit of the identical 
configuration is inputted into a discrimination circuit. The decision signal from a discrimination 
circuit is compared with the reference signal which is equivalent to the inputted digital signal 
with an error measuring instrument. The error signal detected by the error measuring instrument 
is inputted into the 2nd control means, the delaying amount from which the delaying amount of a 
variable delay device is changed, and an error signal becomes ******** with the maximum 
while the 2nd control means receives the error signal from an error measuring instrument ~ a 
middle delaying amount is detected mostly and it outputs to a variable delay device. 
[0025] 

[Example]Hereafter, the 1st example of this invention is described based on a drawing. 
[0026] Drawing 1 is a circuit diagram showing the composition of the waveform shaping circuit 
10 of the 1st example. 

[0027]In drawing; 1 , the termination of the input digital signal inputted into the terminal 1 1 is 
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carried out by input-resistance Ro (for example, SOohms), and it is inputted into the level shifter 
12. 

[0028]The level shifter 12 changes the average direct-current (offset) voltage level of an input 
digital signal according to the size of the error signal (control signal) Ve from the control circuit 
21 mentioned later. For this reason, the level shifter 12 is constituted as shown, for example in 

drawing 2 . 

[0029]That is, the average direct current voltage of an input digital signal is detected in the 
integration circuit by resistance Ri and capacitor Ci, and is inputted into the adding machine 13. 
The adding machine 13 adds the error signal Ve to this average direct current voltage, and 
outputs that added voltage via resistance R2. Between resistance R2 and the terminal 11, 
capacitor C2 which passes only the alternating current component of an input digital signal is 
provided. Therefore, from the node of capacitor C2 and resistance R2, the signal with which the 
level was shifted only for the error voltage Ve is outputted to the signal with which the output 
voltage from the adding machine 13 was applied to the altemating current component of an input 
digital signal, i.e., an input digital signal. 

[0030]Resistance Ri and R2 have the high resistance about [ which does not have influence in the 
transmission impedance of 50 ohms ] number lOKomega. 

[003 l]The output of the level shifter 12 is inputted into the intermediate voltage detector circuit 

1 5 and the comparator 20 mentioned later as shown in drawing 1 . 

[0032]The maximum detector circuit 16 where the intermediate voltage detector circuit 15 
detects the maximum voltage of the output signal of the level shifter 12, It is constituted by the 
intermediate voltage output circuit 18 which outputs the middle voltage between the output 

voltage of the minimum value detecting circuit 1 7 which detects the minimum voltage of the 
output signal of the level shifter 12, and both the detector circuits 16 and 17 from the node of two 
resistance R3 of the same resistance by which the series connection was carried out mutually, and 
R4. 

[0033]The comparator 20 outputs high level, when the level of the output signal of the level 
shifter 12 inputted into one input terminal IN is larger than the predetermined reference voltage 
(henceforth threshold voltage) Vr applied to the input terminal REF of another side, and when 
small, it outputs the digital signal of a low level. This comparator 20 comprises a semiconductor 
device for ultrahigh frequency (for example, gallium arsenide type FET), etc. 
[0034]The middle voltage Vo outputted from the intermediate voltage detector circuit 15 and the 
threshold voltage Vr are inputted into the control circuit 21 which is a control means of this 
waveform shaping circuit 10. The control circuit 21 detects the difference of the middle voltage 
Vo and the threshold voltage Vr which are inputted with the subtracter 22, and outputs the 
difference voltage signal to the level shifter 12 via the low pass filter 23, The middle voltage Vo 
controls the shift amount of the level shifter 12 in the direction which is in agreement with the 
threshold voltage Vr. 

[003 5] Drawing 3 shows an example of the more concrete circuit of the intermediate voltage 
detector circuit 15 and the control circuit 21. 

[0036]Namely, the diode 16a by which the anode side was connected to the output of the level 
shifter 12 in the maximum detector circuit 16, It has the Masakata-oriented peak detection circuit 
formed by the capacitor 16b connected with the cathode of the diode 16a between groundings. 
Between the node of this diode 16a and capacitor 16b, and predetermined negative supply-Vi, 
the constant current source 16c which sends very small forward bias current is connected to the 
diode 16a. 
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[0037]The diode 17a by which the cathode side was connected to the output of the level shifter 
12 in the minimum value detecting circuit 17, It has a peak detection circuit of the negative 
direction formed by the capacitor 17b connected between the anode side of the diode 17a, and 
grounding. Between the node of the diode 17a and the capacitor 17b, and predetermined positive 
supply +Vi, the constant current source 17c which sends very small forward bias current is 
connected to the diode 17a. 

[0038]Therefore, from the node of the diode 16a of the maximum detector circuit 16, and the 
capacitor 16b, The high-level voltage more than negative supply-Vi voltage will be outputted 
among the digital signals outputted from the level shifter 12, and the low-level voltage below 
positive supply +Vi voltage will be outputted from the node of the diode 17a of the minimum 

value detecting circuit 17, and the capacitor 17b. 

[0039]The forward bias current from the constant current sources 16c and 17c over each diodes 
16a and 17a hardly affects it to an input digital signal, but is set as the current value about [ 
required to compensate the nonlinearity of detection operation of each diodes 16a and 17a 

moreover] ImicroA. 

[0040]The capacity value of the capacitors 16c and 17c is set as the value of about 1000 PF 
which can hold the peak value of the digital signal of 1 kHz or more of cycle periods in 
consideration of the forward bias current over each diodes 16a and 17a being a ImicroA grade. 
[0041 ]The subtractor 22 of the control circuit 21 is formed of the differential amplifier 22a and 
the feedback resister 22b, and the voltage according to the difference of the intermediate voltage 
Vo and the threshold voltage Vr is outputted from the differential amplifier 22a. The low pass 
filter 23 formed by the resistance 23a and the capacitor 23b outputs the error signal Ve excluding 
the noise component from the output of the differential amplifier 22a to the level shifter 12. 
[0042]Therefore, since the output voltage of the differential amplifier 22a will rise if the middle 
voltage Vo falls to the threshold voltage Vr, the level of the digital signal which the error signal 
Ve goes up and is outputted from the level shifter 12 goes up to the whole. Conversely, since the 
output voltage of the differential amplifier 22a will decline if the middle voltage Vo rises to the 
threshold voltage Vr, the level of the digital signal which the error signal Ve falls and is 
outputted from a level shifter will fall to the whole. 

[0043]Next, operation of the above-mentioned waveform shaping circuit 10 is explained. 
[0044]Now, temporarily, the maximum of the digital signal inputted to the level shifter 12 by 
time to and the mean value of the minimum presuppose that it is equal to the threshold voltage Vr 
of the comparator 20, as shown in (a) of drawing 4 . 

[0045 ]In this case, since the output of the subtractor 22 of the control circuit 21 serves as zero, 
the digital signal inputted into the level shifter 12 is inputted into the comparator 20 as it is, and 
waveform shaping is carried out on the threshold voltage Vr. 

[0046] And in time ti, as shown in (a) of drawing 4. the direct current offset voltage of the digital 
signal inputted presupposes that it went up to step form. As the output signal of the level shifter 
12 is also shown in (b) of the figure according to this, an ascending change is carried out, and as 
the output voltage of the minimum value detecting circuit 17 in the maximum detector circuit 16 
of the intermediate voltage detector circuit 15 is also shown in (c) of the figure, and (d), it 
changes to step form. 

[0047]For this reason, as the middle voltage Vo to the subtractor 22 is also shown in (e) of the 
figure, it changes to step form, and the output of the subtractor 22 changes in the minus direction 
a lot, as shown in (f) of the figure. 

[0048]Therefore, from the low pass filter 23, as shown in (g) of the figure, the error signal Ve 
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which descends at the speed according to the damping time constant is outputted. 
[0049]For this reason, since the shift amount of the level shifter 12 also increases to the minus 
side at the mean value of the digital signal inputted into the comparator 20 changes in the 
direction which is in agreement with the threshold voltage Vr, as shown in (b) of the figure. 
[0050]As a result, in time t2, the difference between the input vohage of the subtractor 22 is set 
to about 0, this stable state is continued henceforth, and the digital signal by which waveform 
shaping was carried out certainly is acquired from the output of the comparator 20. 
[0051]Henceforth, even if offset of an input digital signal changes, since feedback control is 
always carried out in the direction approaching the threshold voltage Vr, positive waveform- 
shaping operation stabilizes for it and continues the middle voltage of the digital signal inputted 
into a comparator. 
[0052] 

[The 2nd example] Although the control loop for controlling the shift amount of the level shifter 
12 was always closed in said 1st example. After stabilizing the shift amount to an input digital 
signal and becoming an appropriate amount, while holding this shift amount and opening a loop, 
it can also constitute so that detection operation of the intermediate voltage detector circuit 15 
connected to the signal line may be stopped. 

[0053] Drawin g 5 shows the composition of this hold type waveform shaping circuit 10' which is 
the 2nd example. The hold circuit 25 where this waveform shaping circuit 10' holds the size of 
an error signal in response to a hold signal (stop signal). It has the switches 26 and 27 (means for 
stopping) which close with a hold signal (stop signal) and give reverse-bias-voltage* *V2 to the 
diodes 16a and 17a of the minimum value detecting circuit 17 in the maximum detector circuit 
16. 

[0054]In waveform shaping circuit 10' constituted in this way. If the shift amount of the level 
shifter 12 to an input digital signal inputs a hold signal (stop signal) after turning into an 
appropriate amount by said same loop control, The value of the error signal Ve which gives a 
proper shift amount is held by the hold circuit 25, and the shift amount of the level shifter 12 is 
fixed to an appropriate amount. Since the diodes 16a and 17a of both the detector circuits 16 and 
17 of the intermediate voltage detector circuit 15 are electrically separated by reverse bias 
voltage from the line of a digital signal at this time, the adverse effect (aggravation of a high 
frequency characteristic) of diode connection to this line can be prevented. 
[005 5] Although the hold signal explained the case where reverse bias voltage* *V2 was only 
impressed to the maximum detector circuit 16 and the minimum value detecting circuit 17, in 
waveform shaping circuit 10' shown in drawing 5 . Like the intermediate voltage detector circuit 
15 which showed drawing 3 t he example, when the very small current of the forward direction is 
being added from the constant current sources 16c and 17c to the diodes 16a and 17a, a hold 
signal may be made to perform a change with this constant current source and reverse-bias- 
voltage* *V2. 

[0056] Drawing 6 shows the concrete circuitry of the stop circuit 29 which stops detection 
operation of the intermediate voltage detector circuit 15 by switching the constant current 
sources 16c and 17c and reverse-bias-voltage* *V2. 

[0057]This stop circuit 29 switches switch 26' and 27' to a hold / limiting circuit mode from a 
normal mode, in response to the fact that [ the above-mentioned hold signal ] as a stop signal. In 
a normal mode, since [ said ] very small forward bias current is similarly supplied from the 
constant current sources 16c and 17c, the intermediate voltage detector circuit 15 performs 
detection of the maximum of the digital signal from the level shifter 12, and the minimum to the 
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diodes 16a and 17a. 

[0058]In a hold mode, since reverse-bias-voltage* *V2 larger (for example, about 4 volts) enough 
than the maximum of an input digital signal and the minimum is added to the diodes 16a and 
17a, the intermediate voltage detector circuit 15 suspends the detecting operation of the 
maximum and the minimum. 

[0059]in limiting circuit mode ~ the forward voltage drop of the diodes 16a and 17a — receiving 
an input digital signal, since about 1.3 volts reverse-bias-voltage* *V2 which expected 0.7 volt 
per part is added to the diodes 16a and 17a ~ about ~ a limiting circuit can be applied by **2V. 
[0060]As mentioned above, by carrying out variable control of the voltage set up as reverse-bias- 
voltage* *V2 in the circuit of drawin g 6 . so that it may become 4 volts or 1 .3 volts according to 
the state at that time. It can be used with an above-mentioned normal mode, being able to switch 
both a hold mode or limiting circuit mode. In drawing 6 . the numerals 16d and 17d are buffer 
amplifier, respectively. 

[0061]If the stop circuit 29 is constituted as shown in drawing 7 . it will become possible to carry 
out limiter operation of the diodes 16a and 17a in any [ of the above-mentioned normal mode 
and a hold mode ] case. 

[0062]In the stop circuit 29 shown in drawing 7 . about 0.6 volt reverse-bias-voltage* *V3 is 
always impressed via the diodes 30 and 31 to the diodes 16a and 17a. The constant current 
source 17c by the side of the minimum value detecting circuit 17 is connected to the hold side of 
switch 26' by the side of the maximum detector circuit 16, and the constant current source 16c by 
the side of the maximum detector circuit 16 is connected to the hold side of switch 27' by the 
side of the minimum value detecting circuit 17. 

[0063 ]For this reason, at the time of a normal mode, it is the same as that of the case of the 
circuit of said drawing 6 t hat the forward bias from each constant current source 16c and 17c is 
applied to the diodes 16a and 17a, and the maximum to an input digital signal and minimum 
detection are performed. 

[0064]However, in this normal mode, if the output voltage from the level shifter 12 becomes 
lower than -2V, since the diode 17a and the diode 31 of the minimum value detecting circuit 17 
flow, the minimum value detecting circuit 17 side will require a limiting circuit in -2V (-V3- 
1.4V). 

[0065]In a normal mode, since the diode 16a and the diode 30 by the side of the maximum 
detector circuit 16 will flow if the output voltage from the level shifter 12 becomes higher than 
+2V, the maximum detector circuit 16 side will require a limiting circuit in +2V (+V3+I.4V). 
[0066] Above -1.4V is a part for the voltage drop in the diodes 17a and 31, and +1.4V is a part 
for the voltage drop in the diodes 16a and 30. 

[0067]In the time of a hold mode, as for the diodes 16a and 17a, the maximum to an input digital 
signal and minimum detecting operation are suspended by the constant current source 17c and 
the reverse bias from thee [ 16 ] side, respectively. 

[0068]However, in this hold mode, if it is set as about **Vi=** 1 .3V, If the output voltage from 
the level shifter 12 becomes lower than -2V or it becomes higher than +2V, a limiting circuit will 
come to start in -2V or +2V like the time of the normal mode mentioned above, respectively. 
[0069]As the above mentioned hold circuit 25 of drawing 5 . drawins: 6 . and drawing 7 . as shown 
in drawing 8 , a digital type hold circuit other than an analog type hold circuit can also be used. 
[0070]The hold circuit 25 shown in drawing 8 changes the error signal Ve from the control 
circuit 21 into digital value with A/D converter 32, and memorizes digital value when a hold 
signal (switching signal) is inputted to the memory circuit 33. The digital value memorized by 
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the memory circuit 33 is changed into analog voltage by D/A converter 34, and is outputted to 
the level shifter 12 via the switch 35 by it. 

[0071]The switching circuit 35 outputs the error signal from the control circuit 21 to the level 
shifter 12 as it is, when the hold signal is not inputted, and when the hold signal is inputted, it 
outputs the signal from D/A converter 34. In order that there may be no change of a hold output 
compared with an analog type hold circuit, such a digital type hold circuit is advantageous when 
prolonged hold operation is required. 

[0072]Although the subtractor 22 and the low pass filter 23 were made another composition as a 
concrete circuit of the control circuit 21 in said explanation, as shown in drawing 9. a control 
circuit can also be simplified using the found the integral type circuit which retums the output of 
the operational amplifier 21a by the capacitor 21b. 

[0073 ]In said example to know the shift amount in the level shifter 12. If the size of the error 
signal Ve is read with a voltmeter, or the difference of the average direct current voltage during 
input and output of the level shifter 12 detected in the integration circuit of resistance R5 and 
capacitor C5, respectively is read with the voltmeter 37 as shown in drawing 10 , the shift amount 
of the level shifter 12 can be known. The threshold level of an input digital signal can be known 
from this level shift quantity. Since the shift amount in the level shifter 12 can be detected with 
A/D converter 32 when the digital type hold circuit 25 shown in drawing 8 is used, a circuit like 
drawing 10 is unnecessary. 

[0074]Although said example explained the waveform shaping circuit used by ultrahigh 
frequency, it can apply the waveform shaping circuit of this invention also to the waveform 
shaping circuit of a low frequency band. 

[0075] As a comparator, what [ not only ] comprised gallium arsenide type FET of said example 
but the comparator which comprised a silicon bipolar transistor and a hetero-bipolar transistor 
(HBT), for example may be used. Various things, such as a level shifter which comprised a 
blocking capacitor and high frequency blocking coil other than the composition of said example 
also about the level shifter, can be used. 
[0076] 

[The 3rd example] Next, the digital-signal-analysis device using the above waveform shaping 
circuits is explained. 

[0077] Drawing 1 1 is a block diagram showing the composition at the time of mistaking the 
digital-signal-analysis device of this invention, and applying to a measuring device as the 3rd 
example. 

[0078]After this error measuring device shapes in waveform the data signal under test inputted 
with a clock signal, It is constituted so that it may compare with the data of the reference signal 
equivalent to the digital signal into which it identified to the timing in sync with the clock signal 
into which the binary judging was inputted, and the identified signal was inputted. 
[0079] A data signal under test is inputted into the waveform shaping circuit 10 of drawing 1 and 
the waveform shaping circuit 50 of an identical configuration which were mentioned above. 
[0080]That is, the termination of the data signal under test inputted from the input terminal 5 1 is 
carried out by input-resistance Ro (for example, 50ohms), and it is inputted into the level shifter 
52. The level shifter 52 changes the direct-current average (offset) voltage of the inputted data 
signal under test according to the size of the error signal Ve. 

[0081]The output of the level shifter 52 is inputted into the intermediate voltage detector circuit 
55 and the comparator 60. The intermediate voltage detector circuit 55 the high-level peak 
voltage of a digital signal and the peak voltage of a low level which are outputted from the level 
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shifter 52, It detects in the high-level peak detection circuit (maximum detector circuit) 56 and 
the low-level peak detection circuit (minimum value detecting circuit) 57, respectively, and the 
middle voltage Vo is outputted from the middle point of two equal resistance R. 
[0082]This middle voltage Vo is inputted into the 1st control circuit 61 with the reference 
voltage (threshold voltage) Vr from the reference voltage generator 59. 

[0083]The 1st control circuit 61 that is the 1st control means. The low pass filter which outputs 
the error signal Ve which integrated with and obtained the subtraction output of the subtractor 
circuit 62 which detects the difference of the reference voltage Vr and the middle voltage Vo, 
and the subtractor circuit 62. (It is hereafter described as LPF) It comprises 63 and the middle 
voltage Vo carries out feedback control of the shift amount of the level shifter 52 in the direction 
which always approaches the reference voltage Vr. 

[0084]High level and when low [ the digital signal outputted from the level shifter 52 is higher 
than the reference voltage Vr and ], it outputs the digital signal of a low level, and the 
comparator 60 shapes the inputted digital signal in waveform. 

[0085]As mentioned above, the above composition shall completely be the same as that of the 
waveform shaping circuit 10 shown in drawing L and shall be based on the above-mentioned 
explanation about the details and the modification of each part. 

[0086]On the other hand, the clock signal inputted into the input terminal 70 is inputted into the 
error test section 75 which are the discrimination circuit 72 and an error measuring instrument 
via the variable delay device 71. The variable delay device 71 is delayed according to a control 
signal in the clock signal inputted, and changes relatively the phase of the clock signal over a 
data signal under test. As this variable delay device 71, the thing of variable-length slab line 
structure which changes that delaying amount is used as an object for ultrahigh frequency by 
carrying out slag variable [ of the signal line length ]. 

[0087]The discrimination circuit 72 carries out a binary judging in the timing of the standup (or 
falling) of the clock signal into which the level of the digital signal outputted from the 
comparator 60 is inputted from the variable delay device 71, and outputs the discernment output 

to the error test section 75. 

[0088]The error test section 75 which is a data analysis part of the error measuring device by this 
example is constituted by the criterion data generator 76, the code comparison machine 77, the 

inharmonious counter 78, and the clock counter 79. 

[0089]The criterion data generator 76 outputs the criterion data of the same pattern as the data 
which it is going to measure to the code comparison machine 77 to the timing in sync with the 
clock signal from the variable delay device 71. 

[0090]The code comparison machine 77 of numerals of the output of the discrimination circuit 
72 and criterion data corresponds, judges disagreement, and when inharmonious, it outputs a 
dissidence signal to the inharmonious counter 78. 

[0091] While having received the gating signal from the control section 80 mentioned later, the 
inharmonious counter 78 continues calculation of a dissidence signal, and is performed. The 
clock counter 79 calculates the clock signal outputted from the variable delay device 71, while 
having received the gating signal from the control section 80. 

[0092]The control section 80 which is the 2nd control means of this error measuring device 
comprises a microprocessor (CPU) etc., and mainly has two mode management. 
[0093]That is, the 1st mode management is the usual measuring process which reads the 
counting result of both counters, calculates a digital error rate, and displays the result on the 
display for indication 81, after carrying out predetermined time calculation of the inharmonious 
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counter 78 and the clock counter 79 simultaneously. The 2nd mode management is the optimal 
delaying amount detection processing which detects the delaying amount from which carries out 
prescribed range per-continuum variable [ of the delaying amount to the clock signal of the 
variable delay device 71 ], and asks for the error rate data to the delaying amount, it memorizes 
in the memory 80a, and an error rate serves as the minimum before a measuring process. 
[0094] A/D converter 65 in drawing 1 1 changes the error signal Ve from the 1st control circuit 61 
of the waveform shaping circuit 50 into digital value, and outputs this value to the control section 
80 as a shift amount of the level shifter 52. The control section 80 memorizes this shift amount in 
the memory 80a, or displays it on the display for indication 81. 
[0095]Next, operation of this error measuring device is explained. 

[0096]If a data signal under test and a clock signal are inputted into the input terminals 5 1 and 
70, respectively, the waveform shaping circuit 50 will control a shift amount in the direction 
which coincides the middle voltage Vo of the high level of the inputted data signal under test, 
and a low level with the reference voltage Vr. 

[0097]This operation is completely the same as the operation explained by above-mentioned 

drawing 4 . 

[0098]For this reason, fi-om the comparator 60, as shown in (a) of drawing 12 . waveform shaping 
is carried out on the threshold voltage (reference voltage) Vr, and the data signal under test 
which does not have fluctuation in an amplitude direction is outputted. 

[0099]It can be checked by displaying the shift amount from A/D converter 65 on the display for 
indication 81, or performing the stable decision processing for oneself [ control-section 80 ] that 
the shift amount of the level shifter 52 has been stabilized. 

[0100]Next, the control section 80 performs the optimal delaying amount detection processing 
mentioned above. 

[OlOlJThat is, the control section 80 asks for the cycle T of a clock signal from the counting 
result, after inputting a gating signal into the predetermined time clock counter 79. And changing 
the delaying amount of the variable delay device 71 fi'om initial value Do to one cycle of a clock 
signal at least at the predetermined step d, as shown in (bi) of drawing 12 , (b2), and (bs), an error 
rate is searched for for every predetermined step, and the result is memorized in the memory 80a. 
[0102](c) of drawing 12 shows change of the error rate over change of the delaying amount 
memorized by the memory 80a. As opposed to the output signal ((a) of the figure) of the 
comparator 60 which has fluctuation in a phase constituent so that clearly from this figure, 
Change of an error rate when the standup timing of a clock signal is changed by 1 .5 cycles from 
(bi) of the figure to (bs) of the figure serves as the maximum at the change state point of the 
output signal of the comparator 60, and two places of the maximum points are obtained. 

[0103]The control section 80 sets automatically mean value D4of delaying amount D2 [ from which an error rate 

serves as the maximum], andD6 as the Variable delay dcvicc 71 as optimal delaying amount that has the 
phase margin most based on the data of the memorized error rate. 

[01 04] After performing the above setting out, the control section 80 performs the usual error 
measuring process, and displays the measured error rate on the display for indication 81 one by 
one. 

[0105]The threshold level of the data signal under test computed from the reference voltage Vr 
to level shift quantity, and this level shift quantity and comparator 60 from A/D converter 65 is 
also displayed on the display for indication 81 at any time. 

[01 06] Although the subtraction result of middle voltage and reference voltage was inputted into 
the level shifter 52 via LPF63 in the error measuring device of this 3rd example, As shown in 
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drawing 13 . digital conversion of the subtraction result is carried out to subtraction data with 
A/D converter 65, A shift amount for this subtraction data to approach zero may be computed by 
the operation control part 90, and this computed shift amount data may be sent out to D/A 
converter 66, and it may constitute so that the shift amount of the level shifter 52 may be 
controlled. This operation control part 90 is constituted by one CPU with the control section 80. 
[0107]The A/D conversion of the middle voltage outputted fi"om the intermediate voltage 
detector circuit 55 is carried out directly. It is also possible to constitute so that it may send to the 
operation control part 90 and shift amount data corresponding this intermediate voltage data to 
that difference as compared with reference voltage data may be outputted to the level shifter 52 
via D/A converter 65 by the operation control part 90. In this case, the operation control part 90 
serves as the 1st control means. 

[0108]In said 3rd example, in order to set up the optimal delaying amount to a clock signal, had 
determined the optimum value from the maximum of the error rate acquired by changing a 
delaying amount over the above by one cycle of a clock signal, but. It may be made for an error 
rate to set up the delaying amount used as the minimum as an optimum value as it is. This is an 
effective method, when fluctuation of the phase of an input appearance signal is large and the flat 
part between Dof (c)5fromD3 of drawing 12 is very narrow. 

[0109]It may be made to set up the mean value of two delaying amounts (for example, D3 of 
drawing 12 , D5) which give the greatest not an error rate but equal error rate like said example as 
optimal delaying amount. 

[01 10]By operating the input means of the switch etc. which were formed in the display for 
indication, After starting a series of operations which set up the optimal threshold voltage of a 

data signal under test and completing the operation, operation which sets up the optimal delaying 
amount is performed and it may be made to display the threshold level and the delaying amount 
which were set up on a display for indication. 

[Oil l]In said 3rd example, although the phase by the side of a clock signal was delayed, this 
may not limit this invention, and as shown, for example in drawing 14, it may form the variable 
delay device 71 between the input terminal 5 1 by the side of a data signal under test, and the 
level shifter 52. The variable delay device 71 may be formed between the level shifter 52 and the 
comparator 60 or between the comparator 60 and the discrimination circuit 72. 
[01 12] Although the waveform shaping circuit 10 shown in drawing 1 and the waveform shaping 
circuit 50 of the identical configuration were performing waveform shaping of the input signal in 
said 3rd example. Waveform shaping circuit 10' of the 2nd example (drawing 5 ) which has a 
hold facility of a shift amount and an operation stop function of the intermediate voltage detector 
circuit 55 may be used. The circuit which has the limiter function similarly shown in above- 
mentioned drawing 6 as a modification of drawing 5 and drawing 7 may be used. 
[01 13]The circuit of drawing 13 m entioned above may be transformed still like drawing 15 , and 
the digital type hold circuit explained by above-mentioned drawing 8 m ay be formed. 
[01 14]It judges itself that the loop of the waveform shaping circuit 50 was stabilized as for the 
operation control part 90 of this composition, and it became the optimal shift amount, While 
outputting a hold signal (stop signal) to the switching circuit 35 and the stop circuit 69 and 
carrying out fixed setting out of the optimal shift amount to the level shifter 52, the detecting 
operation of the intermediate voltage detector circuit 55 is stopped (in addition, the stop circuit 
69 consists of the same composition as the above-mentioned stop circuit 29). 
[01 15]The operation control part 90 which performs setting-out control of the optimal shift 
amount to the level shifter 52, and stop control of intermediate voltage detecting operation in this 
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way, If the control section 80 which performs setting-out control of the optimal delaying amount 
to the variable delay device 71 is constituted from one CPU, A series of programs can be made 
to perform the setting processing of the optimal shift amount and the setting processing of the 
optimal delaying amount continuously, [ as opposed to a data signal under test by easy key 
operation etc. ] And there is an advantage that transfer of data with other devices can be easily 
performed using the communication function of CPU. 

[01 16] Drawing 16 is an example of the device which shows the more concrete example of the 
error measuring device of the 3rd example of this invention, and performs error measurement of 
the data signal of ultrahigh frequency under test especially. 

[01 17]In drawing 16. the input clock applied to the input data applied to the waveform shaping 
circuit 101 and the variable delay device 102 is rationalized as mentioned above, respectively, 
and it is outputted to the discrimination circuit 103. 

[01 18]The data in which discemment which was mentioned above by this discrimination circuit 
103 was made is demultiplexed by 1/N in the 1/N demultiplexer 104 with the 1/N clock by 
which it is generated from the timing generation part 105 based on the output clock of the 
variable delay device 102. For example, in the case of N= 32, input data is demultiplexed by 310 
MHz at 10 GHz, and error detection of the input data is carried out by the error detection part 
106 as 32-channel data, this error result — an error ~ calculation ~ it is sent to the indicator 108 
and the synchronous controlling part 109 via the part 107. The reference pattem generating part 
110 generates the standard pattem information for giving the error detection part 106 according 
to the output from this synchronous controlling part 109. 

[01 19]this error detection part 106, the reference pattem generating part 110, and an error ~ 

calculation ~ the part 107 and the synchronous controlling part 109 are controlled by the 1/N 
clock from the timing generation part 105. The control section 111 which comprises a CPU 
controls each part. The auto search part 112 controls the waveform shaping circuit 101 and the 
variable delay device 102 in the respectively proper state as well as said each example under 
control of the control section 111. 

[0120]In this error measuring device, since the data signal identified to the optimal timing is 
divided into the parallel data of the speed of 1/N and an error judging is carried out by the 
discrimination circuit 103 like said example, error measurement of the data signal of ultrahigh 
frequency can be ensured. 

[0121]The above-mentioned example is applicable like other digital analysis devices, such as a 
logic analyzer, although the example which mistook the digital-signal-analysis device of this 
invention, and was applied to the measuring device was explained. 
[0122] 

[Effect of the InventionJAs explained above, the waveform shaping circuit of this invention. The 
direct current offset voltage of an input digital signal, i.e., the middle voltage of the high-level 
voltage of the output signal of a level shifter, and low-level voltage. The shift amount of a level 
shifter is controlled in the direction put close to a predetermined threshold, and it is constituted 
so that the output signal of the level shifter may be shaped in waveform with a predetermined 
threshold. 

[0123]For this reason, without carrying out troublesome waveform observation and hand 
regulation, the center of the amplitude of the digital signal inputted into a comparator is driven 
into the state where it was always in agreement with the predetermined threshold, and positive 
waveform shaping can be performed. 

[01 24] A shift amount can be fixed to an appropriate amount and it is effective in not worsening 
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the high frequency characteristic of a signalling channel in the holding circuit holding the size of 
the error signal over a level shifter, and the waveform shaping circuit in which the means for 
stopping which stops operation of an intermediate voltage detector circuit was provided. 
[0125]Based on the error measurement result obtained by the digital-signal-analysis device of 
this invention carrying out prescribed range delay variable [ of the phase of the digital signal and 
clock signal which are outputted from said waveform shaping circuit ] relatively like said 
explanation, A delaying amount for the timing of discemment to go into the optimal position 
between the change state points that the digital signal inputted into a discrimination circuit 
adjoins each other is detected from a comparator, and it is constituted so that the delaying 
amount may be set as a variable delay device. 

[0126]For this reason, the operating point and identification timing of waveform shaping by a 
comparator can be set as an optimum state in the state where there are no wave-like error and 
individual difference by disorder, without carrying out the voltage adjustment and phase 
adjustment operation by compUcated hand control while carrying out waveform observation. 



TECHNICAL FIELD 



[Industrial Application]This invention relates to the digital-signal-analysis device which analyzes 
the waveform shaping circuit which shapes in waveform and outputs the digital signal inputted, 
and the digital signal inputted like a logic analyzer or an error measuring device synchronizing 
with a clock signal. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, the waveform shaping circuit of this invention, The 
direct current offset voltage of an input digital signal, i.e., the middle voltage of the high-level 
voltage of the output signal of a level shifter, and low-level voltage. The shift amount of a level 
shifter is controlled in the direction put close to a predetermined threshold, and it is constituted 
so that the output signal of the level shifter may be shaped in waveform with a predetermined 
threshold. 

[0123]For this reason, without carrying out troublesome waveform observation and hand 
regulation, the center of the amplitude of the digital signal inputted into a comparator is driven 
into the state where it was always in agreement with the predetermined threshold, and positive 
waveform shaping can be performed. 

[01 24] A shift amount can be fixed to an appropriate amount and it is effective in not worsening 
the high frequency characteristic of a signalling channel in the holding circuit holding the size of 
the error signal over a level shifter, and the waveform shaping circuit in which the means for 
stopping which stops operation of an intermediate voltage detector circuit was provided. 
[0125]Based on the error measurement result obtained by the digital-signal-analysis device of 
this invention carrying out prescribed range delay variable [ of the phase of the digital signal and 
clock signal which are outputted from said waveform shaping circuit ] relatively like said 
explanation, A delaying amount for the timing of discemment to go into the optimal position 
between the change state points that the digital signal inputted into a discrimination circuit 
adjoins each other is detected from a comparator, and it is constituted so that the delaying 
amount may be set as a variable delay device. 

[0126]For this reason, the operating point and identification timing of waveform shaping by a 
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comparator can be set as an optimum state in the state where there are no wave-like error and 
individual difference by disorder, without carrying out the voltage adjustment and phase 
adjustment operation by complicated hand control while carrying out waveform observation. 

TECHNICAL PROBLEM 



[Description of the Prior Art] Generally, after shaping in waveform the digital signal inputted 
from the outside by the waveform shaping circuit which comprises a comparator, it comprises 
digital-signal-analysis devices mentioned above, such as a logic analyzer and an error measuring 

device, so that the binary judging may be performed. 

[0003 ]It is necessary to set it as the best operating point which corresponds to offset of the digital 
signal into which the operating point of a comparator is inputted, and is not influenced by a noise 
in this kind of waveform shaping circuit. In order to set up this operating point, either of the 
following three methods was carried out conventionally. 

[0004](1) The technique of setting the threshold level (reference voltage) to a comparator as an 
optimum state manually, while monitoring the output wave of a comparator. 
[0005](2) A technique make the digital signal inputted input into a comparator via a capacitor, 
and excluding the influence of offset. 

[0006](3) A technique which carries out manual variable by a level shifter beforehand supposing 
the direct-current average level of the digital signal inputted, and is inputted into a comparator. 
[0007]However, in (1) or (3) technique mentioned above, whenever operating point setting out 
by hand control is troublesome and the level of an input signal and offset change, the setting- 
operation must be performed. 

[0008]In the technique of (2) mentioned above, the threshold which the offset voltage of the 
digital signal inputted into a comparator according to the mark rate (ratio of the total number of 
bits to generate and the number of marks contained in it) of the digital signal inputted changed 
and fixed cannot perform positive waveform shaping. 

[0009]For this reason, the technique inputted into a comparator by making high-level voltage of 
the digital signal inputted and intermediate voltage of low-level voltage into a threshold is also 
considered. 

[0010]However, in the case of the comparator of the large comparison low speed of a common 
mode input range, this technique is effective, but. Like the comparator for shaping the signal of 
ultrahigh frequency (several gigahertz) in waveform, when a common mode input range is very 
narrow, the comparator itself is saturated by change of the offset voltage of an input signal, and 
there is a problem that normal waveform-shaping operation cannot be performed. 
[001 l]On the other hand, the binary judging of the digital signal which shaped in waveform is 
performed, and the digital-signal-analysis device which analyzes the digital data is constituted as 
shown in drawing 17 from the former. 

[0012]That is, waveform shaping of the data signal under test inputted into one input terminal 1 

is carried out by the comparator 3 which makes a threshold reference voltage Vr from the 
reference voltage generator 2. Since this reference voltage Vr is beforehand set as the best value 
by either of the techniques mentioned above, the fluctuation ingredient of the amplitude direction 
of the data signal under test shown in (a) of drawing 18 , As shown in (b) of the figure, waveform 
shaping is carried out, and it is inputted into data input terminal D of the discrimination circuit 4 
which comprised a D type flip-flop. 

[0013]The clock signal inputted into the input terminal 5 of another side is inputted into clock 
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terminal CP of the discrimination circuit 4 via tlie variable delay device 6. 

[0014]Tliis variable delay device 6 is beforehand adjusted so that a clock signal may rise to the 

timing whose binary level of the data signal inputted into the discrimination circuit 4 is most 

stable. 

[0015]The output signal of the comparator 3 shown in (b) of dra wing 18 as this adjustment, 
displaying the clock signal shown in (c) of the figure on a dual trace oscilloscope ~ the standup 
timing of a clock signal ~ the change state points I and II of a digital signal ~ so that it may be 
located mostly at the halfway point (point that the phase margin is the largest), The method of 
adjusting the delaying amount of the variable delay device 6 with hand control was taken 
conventionally. 

[0016]Thus, discemment of a binary is made to the standup timing of a clock signal of inputting 
the digital signal from the comparator 3 into the discrimination circuit 4, the decision output is 
inputted into the data analysis part 7 with a clock signal, and predetermined data analysis is 
conducted. 

[0017]However, in such a conventional digital-signal-analysis device of composition, in addition 
to the hand regulation of the waveform shaping circuit mentioned above, hand regulation of the 
delaying amount also had to be performed, it was easy to produce the difference of these preset 
values according to the operator's individual difference, and there was a problem that a 
difference will appear also in an analysis result. 

[00 18] When adjusting by carrying out waveform observation with an oscilloscope, connection 
between apparatus is not only complicated, but by connection of an oscilloscope, the waveform 
of a signal may be confused and it may cause malfunction. As especially mentioned above, in 
connecting the cable for waveform observation to the signal of ultrahigh frequency (several 
gigahertz), adjustment with it becomes difficult. [ this wave-like large disorder and ] [ exact ] 
[0019]For this reason, although the technique of providing the monitor terminal for waveform 
observation was also in the digital-signal-analysis device, there was no change in always having 
to prepare apparatus for waveform observation, such as an oscilloscope, and it was dramatically 
inconvenient. 

[0020] An object of this invention is to provide the waveform shaping circuit and digital-signal- 
analysis device which solved the problem mentioned above. 



MEANS 



[Means for Solving the Problem]In order to solve said SUBJECT, a waveform shaping circuit of 
this invention, A level shifter (12) which carries out variable control of the direct current offset 
voltage of an inputted digital signal, A comparator (20) which shapes in waveform and outputs a 
digital signal outputted from this level shifter as compared with predetermined reference voltage. 
An intermediate voltage detection means (15) to detect and output middle voltage of high-level 
voltage of a digital signal and low-level voltage which were outputted from said level shifter. In 
response to middle voltage and said predetermined reference voltage which are outputted from 
this intermediate voltage detection means, in order to make said middle voltage equal to said 
predetermined reference voltage, it has a control means (21) which outputs a control signal to 
which said direct current offset voltage is changed to said level shifter. 

[0022]A level shifter (52) which carries out variable control of the direct current offset voltage of 
a digital signal into which a digital-signal-analysis device of this invention was inputted, A 
comparator (60) which shapes in waveform and outputs a digital signal outputted from this level 
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shifter as compared with predetermined reference voUage, An intermediate vohage detector 
circuit (55) which detects and outputs middle vohage of high-level voltage of a digital signal and 
low-level voltage which were outputted from said level shifter, Middle voltage and said 
predetermined reference voltage which are outputted from this intermediate voltage detector 
circuit are received, The 1st control means (61) that outputs a control signal to which said direct 
current offset voltage is changed to said level shifter in order to make said middle voltage equal 
to said predetermined reference voltage, A variable delay device (71) which changes relatively a 
phase between an inputted clock signal and an output of said comparator, A discrimination 
circuit (72) which receives an output and said clock signal of said comparator into which a phase 
was relatively changed by this variable delay device, and judges numerals of an output signal of 
a standup of this clock signal, or said comparator at the time of falling. An error measuring 
instrument (75) which compares a decision signal from this discrimination circuit with a 
reference signal equivalent to said inputted digital signal, and outputs an error signal, It has the 
2nd control means (80) that decreases said error signal which detects an almost middle delaying 
amount of a delaying amount from which an error signal becomes ******** with the maximum 
in response to an output of this error measuring instrument, and sends out this middle delaying 
amount to said variable delay device, and said error measuring instrument outputs. 

OPERATION 



[Function] Since it is constituted in this way, in the waveform shaping circuit of this invention, 
the digital signal inputted is inputted into a comparator via a level shifter, and waveform shaping 

is carried out by predetermined reference voltage. The high-level voltage of the digital signal 
outputted from a level shifter and the middle voltage of low-level voltage are detected by an 
intermediate voltage detection means, and are outputted to a control means with reference 
voltage. A control means outputs a control signal for middle voltage to become equal to 
reference voltage to a level shifter, and changes the direct current offset voltage of the digital 
signal inputted. 

[0024]In the digital-signal-analysis device of this invention, a phase in the meantime is changed 
by the variable delay device, and the clock signal inputted from the ou^ut signal and input 
terminal of the comparator by which waveform shaping was carried out in the waveform shaping 
circuit of the above-mentioned invention and the waveform shaping circuit of the identical 
configuration is inputted into a discrimination circuit. The decision signal from a discrimination 
circuit is compared with the reference signal which is equivalent to the inputted digital signal 
with an error measuring instrument. The error signal detected by the error measuring instrument 
is inputted into the 2nd control means, the delaying amount from which the delaying amount of a 
variable delay device is changed, and an error signal becomes ******** with the maximum 
while the 2nd control means receives the error signal from an error measuring instrument ~ a 
middle delaying amount is detected mostly and it outputs to a variable delay device. 



EXAMPLE 



[Example]Hereafter, the 1st example of this invention is described based on a drawing. 
[0026] Drawing 1 is a circuit diagram showing the composition of the waveform shaping circuit 
10 of the 1st example. 

[0027]In drawing; 1 , the termination of the input digital signal inputted into the terminal 1 1 is 
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carried out by input-resistance Ro (for example, SOohms), and it is inputted into the level shifter 
12. 

[0028]The level shifter 12 changes the average direct-current (offset) voltage level of an input 
digital signal according to the size of the error signal (control signal) Ve from the control circuit 
21 mentioned later. For this reason, the level shifter 12 is constituted as shown, for example in 

drawing 2 . 

[0029]That is, the average direct current voltage of an input digital signal is detected in the 
integration circuit by resistance Ri and capacitor Ci, and is inputted into the adding machine 13. 
The adding machine 13 adds the error signal Ve to this average direct current voltage, and 
outputs that added voltage via resistance R2. Between resistance R2 and the terminal 11, 
capacitor C2 which passes only the alternating current component of an input digital signal is 
provided. Therefore, from the node of capacitor C2 and resistance R2, the signal with which the 
level was shifted only for the error voltage Ve is outputted to the signal with which the output 
voltage from the adding machine 13 was applied to the altemating current component of an input 
digital signal, i.e., an input digital signal. 

[0030]Resistance Ri and R2 have the high resistance about [ which does not have influence in the 
transmission impedance of 50 ohms ] number lOKomega. 

[003 l]The output of the level shifter 12 is inputted into the intermediate voltage detector circuit 

1 5 and the comparator 20 mentioned later as shown in drawing 1 . 

[0032]The maximum detector circuit 16 where the intermediate voltage detector circuit 15 detects 
the maximum voltage of the output signal of the level shifter 12, It is constituted by the 
intermediate voltage output circuit 18 which outputs the middle voltage between the output voltage 
of the minimum value detecting circuit 17 which detects the minimum voltage of the output signal 
of the level shifter 12, and both the detector circuits 16 and 17 from the node of two resistance R3 
of the same resistance by which the series connection was carried out mutually, and R4. 
[0033]The comparator 20 outputs high level, when the level of the output signal of the level 
shifter 12 inputted into one input terminal IN is larger than the predetermined reference voltage 
(henceforth threshold voltage) Vr applied to the input terminal REF of another side, and when 
small, it outputs the digital signal of a low level. This comparator 20 comprises a semiconductor 
device for ultrahigh frequency (for example, gallium arsenide type FET), etc. 
[0034]The middle voltage Vo outputted from the intermediate voltage detector circuit 15 and the 
threshold voltage Vr are inputted into the control circuit 21 which is a control means of this 
waveform shaping circuit 10. The control circuit 21 detects the difference of the middle voltage 
Vo and the threshold voltage Vr which are inputted with the subtractor 22, and outputs the 
difference voltage signal to the level shifter 12 via the low pass filter 23, The middle voltage Vo 
controls the shift amount of the level shifter 12 in the direction which is in agreement with the 
threshold voltage Vr. 

r00351 Draw in^ 3 shows an example of the more concrete circuit of the intermediate voltage 
detector circuit 15 and the control circuit 21. 

[0036]Namely, the diode 16a by which the anode side was connected to the output of the level 
shifter 12 in the maximum detector circuit 16, It has the Masakata-oriented peak detection circuit 
formed by the capacitor 16b connected with the cathode of the diode 16a between groundings. 
Between the node of this diode 16a and capacitor 16b, and predetermined negative supply-Vi, 
the constant current source 16c which sends very small forward bias current is connected to the 
diode 16a. 

[0037]The diode 17a by which the cathode side was connected to the output of the level shifter 
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12 in the minimum value detecting circuit 17, It has a peak detection circuit of the negative 
direction formed by the capacitor 17b connected between the anode side of the diode 17a, and 
grounding, Between the node of the diode 17a and the capacitor 17b, and predetermined positive 
supply +Vi, the constant current source 17c which sends very small forward bias current is 
connected to the diode 17a. 

[0038]Therefore, from the node of the diode 16a of the maximum detector circuit 16, and the 
capacitor 16b, The high-level voltage more than negative supply-Vi voltage will be outputted 
among the digital signals outputted from the level shifter 12, and the low-level voltage below 
positive supply +Vi voltage will be outputted from the node of the diode 17a of the minimum 
value detecting circuit 17, and the capacitor 17b. 

[0039]The forward bias current from the constant current sources 16c and 17c over each diodes 
16a and 17a hardly affects it to an input digital signal, but is set as the current value about [ 
required to compensate the nonlinearity of detection operation of each diodes 16a and 17a 
moreover] 1 micro A. 

[0040]The capacity value of the capacitors 16c and 17c is set as the value of about 1000 PF 
which can hold the peak value of the digital signal of 1 kHz or more of cycle periods in 
consideration of the forward bias current over each diodes 16a and 17a being a 1 micro A grade. 
[0041]The subtractor 22 of the control circuit 21 is formed of the differential amplifier 22a and 
the feedback resister 22b, and the voltage according to the difference of the intermediate voltage 
Vo and the threshold voltage Vr is outputted from the differential amplifier 22a. The low pass 
filter 23 formed by the resistance 23a and the capacitor 23b outputs the error signal Ve excluding 
the noise component from the output of the differential amplifier 22a to the level shifter 12. 
[0042]Therefore, since the output voltage of the differential amplifier 22a will rise if the middle 
voltage Vo falls to the threshold voltage Vr, the level of the digital signal which the error signal 
Ve goes up and is outputted from the level shifter 12 goes up to the whole. Conversely, since the 
output voltage of the differential amplifier 22a will decline if the middle voltage Vo rises to the 
threshold voltage Vr, the level of the digital signal which the error signal Ve falls and is 
outputted from a level shifter will fall to the whole. 

[0043]Next, operation of the above-mentioned waveform shaping circuit 10 is explained. 
[0044]Now, temporarily, the maximum of the digital signal inputted to the level shifter 12 by 
time to and the mean value of the minimum presuppose that it is equal to the threshold voltage Vr 

of the comparator 20, as shown in (a) of drawing 4 . 

[0045]In this case, since the output of the subtractor 22 of the control circuit 21 serves as zero, 
the digital signal inputted into the level shifter 12 is inputted into the comparator 20 as it is, and 
waveform shaping is carried out on the threshold voltage Vr. 

[0046] And in time ti, as shown in (a) of drawing 4 , the direct current offset voltage of the digital 
signal inputted presupposes that it went up to step form. As the output signal of the level shifter 
12 is also shown in (b) of the figure according to this, an ascending change is carried out, and as 
the output voltage of the minimum value detecting circuit 17 in the maximum detector circuit 16 
of the intermediate voltage detector circuit 15 is also shown in (c) of the figure, and (d), it 
changes to step form. 

[0047]For this reason, as the middle voltage Vo to the subtractor 22 is also shown in (e) of the 
figure, it changes to step form, and the output of the subtractor 22 changes in the minus direction 
a lot, as shown in (f) of the figure. 

[0048]Therefore, from the low pass filter 23, as shown in (g) of the figure, the error signal Ve 
which descends at the speed according to the damping time constant is outputted. 
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[0049]For this reason, since the shift amount of the level shifter 12 also increases to the minus 
side at the mean value of the digital signal inputted into the comparator 20 changes in the 
direction which is in agreement with the threshold voltage Vr, as shown in (b) of the figure. 
[0050]As a result, in time t2, the difference between the input voltage of the subtracter 22 is set 
to about 0, this stable state is continued henceforth, and the digital signal by which waveform 
shaping was carried out certainly is acquired from the output of the comparator 20. 
[0051]Henceforth, even if offset of an input digital signal changes, since feedback control is 
always carried out in the direction approaching the threshold voltage Vr, positive waveform- 
shaping operation stabilizes for it and continues the middle voltage of the digital signal inputted 
into a comparator. 
[0052] 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is a block diagram showing the 1 st example composition of this invention. 
[Drawing 2] It is a circuit diagram showing an example of the concrete circuit of the important 
section of drawin g 1 . 

[Dra w ing 3] It is a circuit diagram showing an example of the concrete circuit of the important 

section of drawing 1 . 

[Drawing 4] It is a signal figure for explaining operation of one example. 

[Drawing 5] It is a block diagram showing the composition of the 2nd example of this invention. 

[Drawing 6] It is a circuit diagram showing the modification of the important section of the 2nd 

example. 

[Drawing 7] It is a circuit diagram showing the modification of the important section of the 2nd 
example. 

[Drawing 8] It is a circuit diagram showing the modification of the important section of the 2nd 

example. 

[ Drawin g 9 ]It is a circuit diagram showing the modification of the important section of the 1st 
and 2nd example. 

[Drawing 10] It is a circuit diagram for reading a shift amount directly. 

[Drawing llllt is a block diagram showing the composition of the 3rd example of this invention. 

[Drawing 12] It is a figure for explaining operation of the 3rd example. 

[^Drawing 13 ] It is an important section block diagram showing the modification of the 3rd 

example. 

[Draw ing 14] It is a block diagram showing other modifications of the 3rd example. 
[ Drawin g 15] It is a block diagram showing other modifications of the 3rd example. 
[Drawing 161 It is a block diagram showing the important section of the 3rd example more 
concretely. 

[Drawing I Tl It is a block diagram showing the composition of a device conventionally. 

[Drawing 18] It is a signal figure for explaining operation of a device conventionally. 

[Description of Notations] 

10 10* Waveform shaping circuit 

12 Level shifter 

15 Intermediate voltage detector circuit 

16 Maximum detector circuit 
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17 Minimum value detecting circuit 

18 Intermediate voltage output circuit 

20 Comparator 

21 Control circuit 

22 Subtractor 

23 Low pass filter 

25 Hold circuit 

26 and 27 Switch 
29 Stop circuit 

32 A/D converter 

33 Memory circuit 

34 D/A converter 

35 Switch 
37 Voltmeter 

50 Waveform shaping circuit 
52 Level shifter 

55 Intermediate voltage detector circuit 

60 Comparator 

61 The 1st control circuit 
65 A/D converter 

71 Variable delay device 

72 Discrimination circuit 

75 Error test section 

76 Criterion data generator 

77 Code comparison machine 

78 Inharmonious counter 

79 Clock counter 

80 Control section 

81 Display for indication 
90 Operation control part 

101 Waveform shaping circuit 

102 Variable delay device 

103 Discrimination circuit 

104 1/N demultiplexer 

105 Timing generation part 

106 Error detection part 

107 an error ~ calculation ~ a part 

108 Indicator 

109 Sjmchronous controlling part 

110 Reference pattem generating part 

111 CPU 

112 Auto search part 



[Translation done.] 
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2 c0A:^«J±rao3l{i(3{J-« h ^ 0 . VXmt. 

[00 5 1 ] lilf^. A^3x> ~>'^;Hl-^tfD:t:^-fe'y f*^" 
[00 5 2] 



tKtTujtv^i. x-:nf ^ 'J9)vm^t>zn-t^i^y vm. 

[0 0 5 3]El5{i. m2c7)||5ifiK-3!)-g>^i^4^-/Ph' 

m^m^^i 0' ^^-^i-vm^ i{9±im) ^^{fx 
)]^¥im (»±im) izx-yxmtx&i^mmiiim^i 

6. «/h1i:^ttilHlff& 1 7C0y-(:^~Y 16 a, 1 7 at 
j£ySWrxmE±V2 &-^i.SX-f >y^2 6. 2 7 (19 

[ 0 0 5 4 ] iiOct 0 tCfflfi^SnJt^fiJ^Illlfl 1 0 ' 
X'ii. Xtiy'<-J^)Vm^\<zn^i,V^)V>-y^l 2<r> 
iyy hm.ifi. mfmmcr))V-y%m\<zX'yXmiEmz^j: 

2 5tc;t^— ;i^KStLT. v^sw^y 9 \2<Dlyy hM.ti^ 

msAi.zm'&^ixh. t.fz. zcob^. ^rsmBmtam 

7a{i, w^-^ry^mmzj:'yX'fA-J^)vm^<ny-^ 

yt-^^^mM.mzmm^fthfz^)^ zco^4 yizn-t^r 

ii^X^^. 

[ 0 0 5 5 ] 0 5 iz^Lfzmmmm^ lo - x 
t:&±immm^ 1 6 i;*/J^tt1^mIlIl^§ i 7 t^^tcepjo 

PBlflffil^mm?! 1 5C0 J: 3 tc, ^j-- h' 1 6 a . 17 

a tc*f LT:£S?lii 16c, 17c >&^^>)iii:^r[S]cr)SSii'-fl: 
ffi+Vg tcr)tj)mt&. yt^-ji-^m^izj^-ox'^f^^o ^ 

[ 0 0 5 6 ] 1116 ii, 16 c, 17c tM^U 

ffimiE&l 5 0l^i^fP^ff±S-li:^ff±[Ilgl2 9t0ft#: 

[00 57] ^C7)if±^^2 9{±, fu^iOrt^-A'Ffi-^ 
^1?±ft-t^:LTg(tT, X-f ■y^2 6' , 2 7' ^7 

y— V/l-^:— Ft:i3V^T, r-^^— b'16a, 17 

}!S16c, 1 7c;&>^,ftj^$^x-|,/i46, ffP^mff^mHI 
SSI 5{i:, K/l^v-:?^ 1 2ii-ty(n'f< -J^Mt^<rym. 

[0 0 58] 4^-;PF^-^i:*3V^T{i, A^FxV 
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[00 5 9] U i 'y^^-Mcfel^Tii. :J'"-f:^-Kl 
6a, 17a <Dmij\^mS!mT^ 0 . 7 h ^ 

T^i 1 . 3 jJi'/L- b gJSc7)jS^ s-->f rx«ffi± V2 7!)^ ^--f ^- 

F 1 6 a, 1 7 atJIlx.A,fLS/tis6. A^Jx i^'^/Pfl 

[00 60] iii±oi; 3 mecoms^Tit. r 

KOM:^*±KEsoy-v;P^- K ^:^t^c^:7]^^-C^g^-f- 
Sii;z:)^■C■•#^« ia6tiiJl^T. ^¥-^16d. 1 

[00 6 1] 1^ih[HlS&2 9&ll7t^^J:3tc1i 

m-til>f , tffjS CO y - v/I^^ - b' *3 J; -;^ H ^ - H 
CO^-^-rtlCO^Tijr-^ it— b' 1 6 a . 1 7 a Sr 'J 5 -y 

[ 0 0 6 2 ] El 7 \,zW.LfzW±m^2 9 Tit. V-^ ^~ 
1 6 a , 17a t>ft LT^t 0 . 6 t^'l-hm&C^yM^^ 

Snrvii.. S/::, «^ffi«im[lS&l 6i!Jcox-^ ■y^2 
6' c7)7j^-;txFfiJtc{i. »/J^ffl1^tf;ilIg# 1 7fiJ<7)S«?t 

i!gi 7 cmm^ti. m^^mmmms^i 7m(7yxA -y^ 
2 7' <T}^'.~jvY\m.z\i. mMm.wmn\ ^mn'^n. 

[00 6 3] y — v;!--^- KB#tiiV>T , 

:t- K 1 6 a . 17a \.Z-^f\.^fl<r:>'^m^m 16c, 

17c :^)^^>^DJllI^r[^^]^sw r;^7;)^>tt^>tLT , a^jx 

[0 0 64] L?!)^S(:, .rc^^y-VA^-FCjoV^T, 
V^}Viy-7 9\ 2;&^A>otiJ^]mj±:d^-2Vj;'9tffi<^ 
-Si:, ft/jNffl^amiS&l 7C0i/^^-h' 1 7a^3j;^/^■ 
-^ :t- K 3 1 ifiwm-hfz^m.'hmm.'^m^ 1 7fiij{4- 

2 V ( - Vg - 1 . 4 V ) fiJ 5 -y ^ifiii^is^h C h tc^r 
[0 0 6 5] S/c, y— -y/l-^:— b'l^iSV'^t", ^'<.7l'V' 

7^1 2 7:)^^,£7)mi:fl:l±*^'+2Vj:'9tiS<^r^t, * 
Affi^^aiiiif& 1 emcoy^ jT-K l 6 a^ it^-^w :t- 
F 3 0 i}^mmth fzi^. m^mmtamm 1 6ffl!i{i: + 2 v 

(+V3 +1. 4V) X'U 5.-y^m^t^h^tt,Z^h. 

[0 0 6 6 ] liLhtiJV^T, -1. 4V{4^'-f:t 

- K 1 7 a , 3 1 t'comJEI^T^T*) D , + 1 . 4 V{i 
r-f ^- K 1 6 a , 3 0 TcomE.WT'^X'h h . 

[0 0 6 7] tfz^ ^'W^t 
- K 1 6 a , 1 7 a{i, ^tl^'ti^mifiM 17c, 16 



[0 0 68] ^(7:i-^-—)Wt—Vl,Zi5V^X. 
±Vi =±1. 3VS^t|gSLT*3mf, 

1 2>?)-A>0£il::^«J±>?)i-2Vj; '9i>®<^r-g.;^^S)l.t^ 
{4+2VJ; Oti«<^:^i:, m^^xiML/cy-^/k 
^-KBtt|nim:-2 Vt;t(4+2V-Cy 5 ^y^m^t^ 

[0 06 9] mriatJtlllS, 116, m7cr>it~s-)V 

Ymn2 5 1 LT{±, ri-^ifmcoii-^-fU¥m^<Dmz 

^^ti>X^^. 

[0070] msi/Z^Lfzyr--fl'¥\M\S%2 5{4, MtPIU 
fS2 l3&-^>«0^ilfi-f-Ve^A/D^§|3 2T'-r^i^' 

fzt^ c7)x ^ >>'^7Wie y ^ y [uifs 3 3 tciE'it-r » y 

:^3 4tJ:-5TT-^n^^«Et^J^Sil, y>^-yf-3 5 

[ 0 0 7 1 ] y.-f ■y^mifSB 5{4, *-;I^Ffl-^>i)iAS) 
$(Jffll|IIS&2 l;^)^/i><^i^Jgft^^^iO 
S S l^^yPi^y ^12 /\m^J L , 4^-/1^ Fft-^*^A^J S 
ixTV^-g.t&, D/'A^g|3 4;f)^<^Oft^&aii:^ 

[ 0 0 7 2 ] ^ fc, H«iaiKBJ!T-{iSWIlIfi&2 1 £Ofi#:W 
'SrHIIJSisLT, «»:S2 2i:ffi«aja7^;l'^2 3i:^ 

coms&^m^^xmmm^^mmt^^ ^thx^^. 

[0 07 3] ttz^ mrlBUJfiMtfc^'^T, ly^fV-i^y^ 

1 2tc*3{t.|.>':7 FSSrfflO^cV**^^^^^, ^Hffi^V 
e cr>±^ s ^fl:l±ltTi%^>^i 0 , 11 1 0 o l,Z. 

ix.tiU^V' i^y^}^ 1 2 coAtiJ^J^coT^ittgKflJEcoll 

Sr, mj±lt3 7T-MtJ' J: d iz^tHi. V^)V-^y9 1 2 
a-yiyyvm.^'mh^hifX^h. t.fz. zcou^fi-i^y 

^h^tifiX'^h, ^ti. msi/Z^Lfz'f ^ i^^/um<r> 
4^-;PFEIIf§2 5^ffl(,^^c«-^, A/D^Jg#|3 2tj; 
'dTV-<;1^>-:7:5' 1 2tci5(tl.i^7F»&:^^-f-|>^i: 
5&iT'# SOT', S 1 0 CO J; a ^[nII?S«Tg-C3!>S « 

[ 0 0 7 4 ] t3t, mriBSiJfeMJi, mmmmx'm.m^ti 

^ mmmmmz-y^-^xtmLtz^K :$i^mcommmm 
mmi. i&\>^mmm.^c7)mm&mmizi,mm^i>^t 

ifiX'^h. 

[0 07 5] ^^l,z. ayj-^U-^tLXit. MIBIIIffi 
^JcD 7?' y ^ A - b 3lS(7) F E TT-«fi£ § ixfc t cD/^ittt- 
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nyNM;K-7f7yi>'Xr5' (HBT) TmfS.^ii.fzay 
[00 76] 

[ 0 0 7 7 ] m 1 1 (i. mscommmt lx. :^mm 

[0079] mm^-9m^ii. mmhtzm i ^Dmrn 
1 0 h m-mm.<^ymmmm^ 5 0 tx^j 

[ 0 0 8 0 ] IP*. . A±lJra^^ 5 1 A:^ SnfcMJilS 

T-^fi-ttt. A;f:jgKRo mui 5 0 Q ) -c«s§ 

tL. lx-<;Pv-:7:5'5 2tAS]SiX-l.o K;l-i^7^'5 2 
Ji. A*$ti./sS)ilST-^fi-^0[i:S^:% 

[0081] K^P^^r^- 5 20ttJ:J3{i:, tfPHWJH^tU 
[1IS^5 5*^<j:y:r7>'yN°lx-^'6 0t:A^J§tL-&. t+'P^fl: 

SI) 5 7-c-m^^xi^aiL. ^<7)^m(^w±v ^ m 

[0082] dcOEfPelOfliJiV o(i, #B3mj±^ls 5 
9j5)^^>^0#H1«E (LSV^fflmJI) Vrtht>tmitO 

[ 0 0 8 3 ] SI 1 mm^^xh^m i c^Mfflnnif^ 6 1 

M:ISI£#6 2 1 . «^ll]|E&6 2 0ii»:ai^t&ffi^^LTf#fc 

mSN r {,zjSri<:H\^l>z]y^)Vi^y 9 5 2cr,>'yhR^ 

[0 0 84] ny^N"!^— ^6 0{±. ^'<;;t/'i^7^'5 2** 

ffii.^iiSa— l^^yl'iTDX'i' i^"^;Hi# 
^m:^itT. A:ti$^xfcx^i-"^';Hi-f-^iS?l?Sff^-r 

[0085] a±crMf&i,i. mmLfzx d mi iz^ 
Lfzmwmmms^ i o i:^< m-xh o , ^mcnmma 



[0 086] -^r. A^ifi^? 0(cA^Six:^c^n-y^ 

«^ji:i5T^as:^7 i^iYLx. mmm 2i5^x/m'o 
mm^xhhm'om&mY 5^A:n^iix\^:^. -^^m 
mmii±. x:h^tih^\3'y:^m^-^mmm-^izmt 
-eg® t . mm^r'-^imizM't^ ^ n ■/ ^m^coiii 
m^mmmz^^-th, ico^^mm^i 1 1 txit. 

[0 087] iiSiJ^7 2{±. ayr^v—^bOt)^^\^^ 
A^r S ^5' n V ^ fi-f-tfOir_h 19 ( 4 f^fiiiT*-' 0 ) £0 

9^ iy^'x2mmML. ^ofim^i^. UDM^sp 

7 5^ai:J:-rs. 

[0088] zcommmizj: i>m^mMmmco'f~^m 

•^y^i 9\,zx->xm^-^tvz\-^h. 

[0089] SP^-^^*f|7 b\t.mM.\.i.0h-t 
h'f-S):.n-)^9~y<r)W^=f~9^. ■Br^i!®ts7 

\-h-t^<yi^x2^y^\%^\,znm\^fz^^^y^x^^im. 
^7 T^^t^-th. 

[0090] ^Ycm^iixt. mmi 2cDiiiijtm 

[009 1 ] ^—^fi^ys 7 8{i. mkthwmu^ 
03{)>ii>to^'-bfi-^S:^ttTv^i,p^. T^-w^^mm 

^ili®!LTiff^3. ^'n-y^;^;'^y^'7 9ii. MffllgPS 
0>0><i,<7)^^'-hft-t^g('tTl^§PBl "5I^^il®:^7 1j5> 
^> § n I. ^ n -y ^ ft-^c?)ltf4 ^ tT^ 3 , 

[ 0 0 9 2 ] i M^^Kom 2 coSiJtP^STab h 
MfflIfPS0{±. ^'nrn-t.y+f (CPU) ^-C«fiK 
$^1, ±t:2oiO^!lIi^-Hlr*LTV^-i.. 

[0 0 9 3] m-h. IglOMiM^-HJi. 
7 8 ^: ^ a y^^^y^ 7 9 ^lai^tcm^HfPalttfiCS 

sO?||ffSr^f*v\ ^tOFgftSr^^^f58 Itc^^^-lirSil 

^tfoay®5aJiT*i.„ m2toMii^-K«i:. m^mmco 
mz. ^mm^i Kn^u^y^^imiizn^hmmRi 

"mmmmmmm^z-^^ lx . s ii^ d * 

^ Sr^Ri>6. ^ ^ y 8 0 a tcfBM LT . M D ^tm'h 

[0094] 55rt3. 0 1 1 ^(nA/Timme 5(i, 
J^fiff^mif^ 5 0 com 1 i^MfflHaifS blt-^^ V 
e Srx ^ i^^lVmz^^L^ .IcOfl^ l^^yl^j^^^ 5 2 

tTMfflIgP8 0^m:'3-r§. MffllSPSO 
{i. i<7)i^7h»Sr;<^U8 0atiB1iL/iO. 

8 1 

[0095] ^<^m'om'&^m.<nmmz-:>\^xM 
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[ 0 0 9 6 ] A:':^^^ 5 1 . 7 0 ^ti^'timwm'f 

[0 0 9 7] ic7)iSf^{±. M^<50lM4tJ;'5Ti^BJL7"c 

[0 0 98] .lOJti^. ay-j^v—^eoti^^lt. HI 

2C0 (a) (C^^J;3t. L&f^fBmii (#Hr«J±) V 

[ 0 0 9 9 ] ^riD. P-'^/t'i^^^ 5 2<0i^7 

8nzm^^^^t\ sijffligP8os#T--ec7) 

[ 0 1 0 0 ] i^rtc, mmns oimmhtzmmmmmm 
[ 0 1 0 1 ] aiit>, mm^8 oit. y~ vmmmMm 

(bi ). (b2 ). (b3 ) =fc 0 tc. ^^M® 

[0 1 0 2] 01 2tO ( c ) {i. ^^:U 8 0 atClSfiS 

yj^u~9 6ocr>iiitim^ (mmiD (a) ) tc^L. m 

mco (h^ ) *»^>|5|HcCi (bg ) ST-^'a-y^'fi^cOi: 
[0103] SmgPS 0{i. iBfgL/L'ilO*c^x-^tc 

[0104] \:xt<nm.^i'fj^j:'ifzm. mmn^ o 

[ 0 1 0 5 ] ^ja. A/D^^He 3-h>C:>cn>V'<~}Viyy 

3;H< ^'<.;t/t^:^ll8 1 tlStB#|^$fi.-l. , 

[ 0 1 0 6 ] s/c. z(r)m3<r)mmm<nm'om^m.x 

^^crymS.hmmS.t (nWMMW^^ L P F 6 3 * 
■fcLX. V^)V>'y9'5 2\,ZX-tiLX\^tzif. Hi 3t:: 



m $ ix/s >- 7 h - ^ ^ D / A 6 6 (ci* ffi 

X. v<.)Viyy^3 2cr,iyyvmimm-t^^-o\,zm^ 
LTiiiv^, ^io. .rc7)Ms:S!ifflia59 0{i. mmmso 

hthi^z. i-^tocputcffijjastiTv^-^. 
[0 10 7] §i^>t. ^PHimJ±^tiiIiliE§5 s^^^^tii:':^ 

ixh^m(^^w±.^m.mA/D^m.Lx. im.mmm9 o 
mmmKf-^timhx^ ^com^zm^tzi^yvm.f 

[0 108] mUW.3crmtm\X\t. ^n.y^f= 

-tco 1 mm^vj.ALi<zt>ft'oxwmm:'^mLx%ih>fLft 
WM<Dm±mfy-i^. ^m.^m.&hx\>^tztiK 

ti^mAM ttch SM* ^^(ntt Kmm. ttx m^-t ^ 

ti^x^<. HI 2C0 ( c ) iODs lii^^^Dg ^m^^tm 
tfimisbxmi ^t^^i^z^^^^j^mx-^ h , 
[0109] t.tz. mMmmm(oi:di^zB.x<r>m'omx- 

[0110] i/i, ss^^tcmttJ^^x^ yi-mcoxt!^ 
§ i 3 t T i) J; V \ 

[0111] mriam3£^^sfeMT{i. ^o^y^'fi 

h i>cox^'<. M/Mm 1 4 iz^-tX 0 tc, ^^SSH 

7 1 ^^ay^7^-^ft-f■^SlJ^oA^]^s-f 5 1 1 

7:j?5 2C0^t^ttTi>J:\.\ ^^ffi^71* 

ayr<u-^60t m^m 7 2 OPaltcfSttT t J; V \ 

[0112] sf^. mtimscommmxii. hi tc^t 

/::i*?gfiJ^llISS l 0 i: 5 0 

^*^s^2cr)iijfiM (115) commmmmmio' ^ 
m^^xi>x^\ tfz. mmizmsco^mtLxcnmm 

come. H7fcS^L3tUS-y^1SSg^*t-SIlIS&SM*'^ 
Xi,X^\ 

[0 113] tfz. mmttzmi 3c7)[nis&^$j^i:iii 

[0114] .lcD«fi!t<7). ?i»MtPgP9 0J±, iS?f«^ 
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[0 1 15] ^rfc. ioiatc. l^^/t/i^:?^ 5 2^<7) 

mmi:n^j:dmmm39 o , nr^s®^? 1 

§«3lM®Mc7Jig5E$'J#P^fi^ 0 $iJWgP 8 Obi:. 1 o 

[0 1 1 6] HI 6it^?tmcom3commm(^m'oi9m 

[ 0 1 1 7 ] El 1 6 tcjoi^^T . mwrnwrn^ i o i i,zm 
^xjj^xj-y^it. ^ti^'ti±mLfz^oi>zmiE-it^ri 

TfiSiJUi 0 3lziii:h$ti:^. 

[01 18] zcT^mm^i 0 sxiMLfzXd^xmm^ 

\^X. ^^Mm^l0 2<r)\i!,^^Uy^\,zm^\^XSA 
^vy^mi 0 53&^ii,^-r'l. l/N:^n>/^tcJ;-3 

T, l/NtCxv;p-?^TP^'X§fLS, Mi-{f. AS]-f 
-^ti^l 0GHzf N = 3 20**-^, A:^Jx-^(i, 3 

1 0M.nx\iZ'f^)V^y°v9 x^ii.X3 2^-v>-^-;Px 

tOX^-SmSi, X5-|tmgPl 0 7^:frLT^^fPl 

m^mi 1 ofs. itoiHitj$ij|ipg|si o9>?>-^btotii^]tfi! 

o T x ^ -tftaigP 1 0 6 tc-^ ;i 1. 3ta6cO^> - V-x 

[0 1 19] clCOX^-il^ttiSPl 0 6. 
±mi 1 0fcJ;VJl^-|tmg|51 0 7. ISlTOlJPge 1 0 
9{±. :^?-f S>'j/^^gPl 0 5*^^>c01/N^'n-y^tC 
iOfliiJffllS^lS. CPUT-«JS$tLS$iJfflIgEl 1 l{i=S- 
:t-h-»f-^gEl 1 2{i:, $iJ13Pg|! 

1 1 1 <r)im<^T><zm.mmm^i o i *5 

n 1 0 2 ^mt^mmmt nm\>z^ix^'ti.mm:m^\,z 

[0120] ^(Dm'om&^mxii.. mtmmmtnm. 
m\<znt£ozti)^x%h. 



\mmmmm.^m o m'&^mzmm Lfzm{z-:>\^xtm 
m^zi^mmizmmx^ ^ . 

[0122] 

'^y 9cr)tiitim^-i:mm.coL^\^mx-mm]m-^ x o 
[0123] zcoti)^. mL\mmmm'^^«}mm^^ 

[0 124] iit. \y^v>'y9><znt^m^^<7)± 

Wit^^hWit^W!.^m.mzmmmmm^x'ii.. i^yv 
m^msAi^zmM-t^ >r h t^x^ . m^mcommw^^ 

[0125] ±fz. *f|9fl«0x> >^'^/Kt^tl^/f^a 

mK)^o ^mm^^}^M(D«mi^Lm^z . m^i^^ ^ 5 >- 

[0126] MWiJ^ t^r^>JiiOffiii^r# 

i^izxi>mmmmcomi^}^'^mf\^-( ^yiT^. mmco 
iirLizj:i,9m'^mA^cr,^j:\^^mx\ mm^izm.^ 

[Elffl«o^#*iiaj] 

[01] ^wmm 1 <r>mmmmm^i^-tyu -y ^mx 

[112 ] El 1 commcoMi^m^^m^co-m^^^m^m 

xhh. 

[03] m'\-<mmcD^w.mj:mn<n-mt:^'tm^m 

x-hh. 

[04] -mmm<^m^^m.m-thfzih<r)immxh 

[05] *%B^C7)S| 2 coSIJfeM£?)«^* >y 0 

[06] %2<T)mws\crm%<mM<m:m'^mimxt^ 
mi\'m2<nmmm<rm^(nmBmkm-nwmxt> 
[ 0 8 ] ^ 2 <T)mym^'mM><m.m^^-tmimxty 
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[01 0] >'yhm^mmm^t^fzi^(o\ai^m'c-h 
[iai 1 ] ^%m<^m3<r)mmm<nmm^^'t^^-y9 
[Ell 2] m3<^mmmc^mi'^^mm-thtzisb(Dm-zh 
[HI 3\%3<r>mm\<mmm^^-tmuy^-^^m 

[Ell 5] ^3<Dmmmcr)m<^^mmim-y'n'y'?m 
[Ell 6] m3(r>mmm(^mm^ X ^M^w-m^z^Ltzi^ 

[Ell 7] ta£*^ac7)ffi)£Sr^-t7'n-/7ElT-*l.o 

[Ell 8] mmmo^mw^mm-t^fzisbcom^mx'h 

10. 10' iS?^S?^lilK 
12 v^jvi^y^ 

15 4'r^«jEitmiiii?& 

1 6 «±ft^mE£# 

1 7 «/J^^61^tii0iE# 

18 ^rnvK^timi^ 

2 0 rJ>->'^•^— 

2 1 mmm^^ 

2 2 M»tl 

2 3 ffi^liMiia:? ^ ;t^^ 

2 5 /kKHIfl 

2 6,27 -vi- 

2 9 w±m^ 



3 2 A/D^^ 

3 3 ^^:y[II£^ 

3 4 D/A^m^ 

3 5 X-f 

3 7 «ffiff- 

5 0 mmmmi% 

5 2 ^-^/l^i^^^' 

5 5 ^mmmmm^ 

6 0 ^ 

6 1 mi O$l|W0fl 

6 5 A/H^m^ 

7 1 mcmm^ 

7 2 ^IJ:^ 

7 5 P.i9fiJSSP 

7 6 K^^x-^^itl 

7 7 ^f-f-ibiK^ff 

7 8 ^—m.ifj'^y^ 

79 ^'ci'/^ti-^V^ 

8 0 iijtpge 

8 1 IStjn^ 

9 0 MffSOTgP 

1 0 1 '^m&Bm^ 

1 0 2 

103 mm 

10 4 1 /N-f 

105 ^■i^yy^'^^ 
10 6 x^-i^msR 

1 0 7 Ji^-ff-iStgP 

10 8 ^^gP 

109 IslMffltPSP 

110 w^)^^—y^&.% 

111 CPU 

112 ^-h^f-^SP 



[EI2] 



[09] 




12'*- 
C25) 
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[HI] 




[03] 



[08] 



^20 



15 




12 



-25 



C26i27) 



35 



34 



(a) Vr 



( b) 



33 ^32 



21 

^ L 
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